Timothy (Phleum pratense L.) pastures of 3 Total mixed ration (TMR) centers in Hokkaido were selected, the first cutting grasses were continuously collected from the same pastures on different harvest days over 4 years (2011)(2012)(2013)(2014), and changes in the water soluble carbohydrates (WSC) content were analyzed to investigate the relationship with weather conditions. The harvest days in the 4-year period were June 17-22, June 24-26, June 27-30, and July 2-5, and grasses on these dates were designated as the harvest date groups. The weather data during the cutting period in each year were utilized. The WSC content tended to change yearly and it was significantly lower in the 4 groups (67.3 -82.1 g/kg DM) in 2011 than in the groups (101.5 -130.3 g/kg DM) in 2013 excluding the June 24-26 group (P < 0.05, P < 0.01). The WSC content tended to increase as the harvest date progressed in 2011-2013 and it significantly increased even though the harvest date was delayed only in 2013 (P < 0.01). It was suggested that differences in the WSC content among the years were related to the weather condition and dry matter yield of the grass.
Introduction
In Japan, various measures are taken to increase the management efficiency of dairy farms. In Hokkaido, centralized management of the main self-supplied feed, silage, has been performed and markedly increased systems to distribute silage/formula feed-mixed TMR. These organizations are termed TMR centers and dairy farms participate in units of more than several farms.
TMR centers maintain and manage pastures of the participating dairy farms and are closely involved in the process from cutting grasses to filling silos. Since silage is prepared in many large bunker silos, it takes several weeks and completes in early July even though grass cutting starts in the middle of June.
Timothy is the basic grass in Hokkaido. It is mostly prepared into silage and given to milk cows. WSC of timothy strongly affect fermentation in silages because it is a source of nutrients of lactic acid bacteria during storage in silages [1] . The WSC content of timothy changes due to various factors and many of these have been clarified by experimental factorial analysis by Masuko et al. [2] [3] [4] , Souma et al. [5] , and Wang et al. [6] .
Factors previously analyzed experimentally can be applied to grass production sites of dairy farms, but the most necessary factors for production sites may be the growth stage (harvest time) and yearly changes. Although changes associated with the harvest time may be patternized, the WSC content may change at the harvest time within the season or among seasons. In either case, it may depend on the weather condition. To investigate it, it is necessary to measure the WSC content in the cutting period for several years.
In this study, timothy pastures of 3 TMR centers in Hokkaido were selected and grasses cut from the same pasture on different harvest dates were collected for 4 years. Changes in the WSC content were analyzed and the relationship with the weather condition collected from the AMeDAS data was investigated.
Materials and Methods

Material Grass Collection
The first cutting grasses of timothy harvested on different harvest dates were The harvest time could not be uniformed and the grasses were mostly cut between 9:00 and 14:00.
Weather Conditions
For the weather conditions, weather data collected at 2 observation stations [7] in Nakashibetsu-cho and Betsukai-cho were utilized. The daily precipitation (mm), daily average temperature (˚C), and daily hours of sunlight (h) on June 17-July 5 in the 4-year period from 2011 to 2014 were extracted.
Analytical Methods
The grass materials of the pastures from each TMR center were kept in a cooler box, brought back to the laboratory, and frozen immediately arriving at the university. In 2011 and 2012, the grass materials were dried in an electric drying oven (FS-620: Advantec Co. Ltd., Tokyo, Japan) at 90˚C for 1 hour to inactivate enzymes in the grasses then 60˚C for 48 hours. In 2013 and 2014, the grass materials were dried in a freez-dryer (DRC-1000, FDU-2100 EYELA: Tokyorikakikai Co. Ltd., Tokyo, Japan). After drying, the grass materials were air-dried and ground to prepare analytical materials using a cutting mill (1029-13: Yoshida
Co. Ltd., Tokyo, Japan). The dry matter (DM) contents of the grass materials were measured using the 135˚C/2 hours drying method [8] , and the WSC contents were measured using the procedures in Deriaz (anthron method) in 2011 and 2012 [9] and a modified method in 2013 and 2014 [10] . The modified method was as follows: Using the sample without treatment of drying and diethyl-ether extraction. 0.2 g sample was taken into the test tube and 30 ml of distilled water was added. The time of extraction of WSC was during 10 minutes in boiling water. Warming time for color development was changed to 25 minutes.
Other than these conditions, the conventional method was used. Since the WSC content determined using the modified method is higher than that using the conventional method, correction was necessary. Since the following relationship between the WSC contents measured using the conventional and modified methods has been clarified, the values were corrected using the regression equation Co. Ltd., Tokyo, Japan).
Results and Discussion
Weather Conditions
The weather conditions in Nakashibetsu-cho and Betsukai-cho are shown in 
Changes in WSC Content on Each Harvest Date among the Years and Each Variety among Harvest Dates
The WSC contents on each harvest date are shown by the year in Figure 2 Ryumae et al. [11] reported that the WSC content of timothy decreased from June 12 over June 20, increased on June 30, and reached the maximum on July 13. Masuko et al. [2] also reported that the content was similarly high on June 6 and July 6 and low on June 21, and Souma et al. [5] reported that the content was the lowest on June 20, increased on June 30, and only slightly decreased even on July 10.
Based on these findings, the WSC content of timothy is considered to change 
Conclusion
In 
